Subcutaneous islet transplantation has become an attractive modality. With development of tissue-engineering techniques, it is possible to rectify the disadvantage of poor blood supply in the subcutaneous site by reconstruction of the capillary network. According to reports, the Chitosan sponge (CS) could be used for reconstruction of in vitro capillary-like network and could be used in artificial skin equivalent. In this study, we cultured the islets in CS for future application. CSs, having 200-500 µm pore size, were prepared by freeze-drying method. Rat islets were isolated from the pancreas of Lewis rats (10 weeks old, 280-300 g, male) by collagenase digestion followed by discontinuous dextran gradient centrifugation method. Each 20 islets were seeded equally into the CSs and were cultured for 62 days with various culture media such as RPMI-1640, Dulbecco's modified Eagle's medium (DMEM), and Eagle's MEM. They contained 10% fetal bovine serum (FBS) and 5 ml/L antibiotic-antimycotic mixed stock solution in the culture dishes. Insulin concentration both inside and outside of the islet-seeded CS was measured during culture. Changes in the morphology of islets were also observed in this study. Freshly isolated islets had a loose appearance with an irregular border, and most were seen as a single islet. Occasionally a cluster, consisting of 2-4 islets ranging mainly from 150 to 250 µm in diameter, was observed. Islets cultured in the CSs in different culture media retained initial morphology, which had well-delineated smooth borders for at least 53 days. The insulin release behavior of islets cultured in the CS showed constant secretory capacities for 49 days. After that they exhibited a rapid and definitive decline from the initial insulin release. Until this stage, insulin concentration in the CS was well maintained. The properties were dependent on culture medium used and insulin diffusion released from islets. This experiment is a new study model for establishment of islet culture in a three-dimensional matrix. Also extension of this observation will provide new insights for islet transplantation at the subcutaneous site by a tissue-engineering approach.
INTRODUCTION
tage of poor blood supply in the subcutaneous site by promoting the reconstruction of the capillary network. Recently, subcutaneous islet transplantation has be-We have investigated the skin or artificial skin transcome attractive because it offers many advantages, such plantation procedures for the possibility of the applicaas simple transplantation procedure, low risk for the retion to our subcutaneous islet transplantation expericipients, easy to retrieve, etc. ment. It is extremely difficult for the subcutaneous trans-According to previous reports, the Chitosan sponge planted islets to engraft because there is not enough (CS) could be used for reconstruction of the capillaryblood supply at the subcutaneous site. It is necessary like network in vitro (1) and was widely used for artifito modify the subcutaneous site for islet transplantation. cial skin equivalent (3,7). The CS also could induce the Kawakami et al. succeeded in pancreatic islet transplandevelopment of blood vessels in vivo, which could intation at the subcutaneous site by modifying the subcutacrease the viability of hepatocytes at the subcutaneous neous tissue (8). site (4). In this article we report the results of the func-With the development of the tissue-engineering tional study of the tissue-engineered islets that were cultechnique, it might be possible to rectify the disadvantured in CS. 
MATERIALS AND METHODS
from both inside and outside of the CS (islet seeded) in the presence of different media during culture and Preparation of Chitosan Sponge measured the insulin concentration with an enzyme im-We dissolved Chitosan small flake (from crab shell, munoassay kit (Glazyme, Sanyo, Japan). Changes in the 98% diacethylated, NAKALAI, Japan) with 1% (w/w) morphology of islets were also observed with light miacetic acid and enclosed in a cellulose bag (molecular croscope in this study. cut 10,000-12,000). Then we neutralized the enclosed RESULTS Chitosan solution by placing it in a NaOH solution for 2 weeks. We prepared the CS by porous freeze-drying
The newly prepared CS had a pore size ranging from the neutralized Chitosan solution for 2 days. We 200 to 500 µm in diameter when it was examined using checked the pore size of the CS by using scanning elec-SEM ( Fig. 1 ). tron microscope (SEM). Finally, we sterilized the CS for Freshly isolated islets had a loose appearance with an future use. irregular border, and mostly they were seen as a single islet. Occasionally a cluster, consisting of 2-4 islets Islet Isolation ranging mainly from 150 to 250 µm in diameter, was Rat islets were isolated from the pancreas of Lewis observed. In control group, the islets started to dissociate rats (10 weeks old, 280-300 g, male) by collagenase from the fifth day during culture and most of the islets (type XI, Sigma, Germany) digestion followed by diswere destroyed. The islets cultured in the CS in different continuous dextran gradient centrifugation method (6).
culture media retained their initial morphology (Fig. 2) , which had well-delineated smooth borders for at least Experimental Design 49 days. Each 20 rat islets were seeded equally into the CSs
The insulin-releasing behavior of islets cultured in in 24-well culture dishes and were cultured for 2 the CS showed constant secretory capacities (Fig. 3) . months. The culture media used in this study were 2 ml
The insulin concentrations outside the CS were the same of RPMI-1640, Dulbecco's modified Eagle's medium level as the control group; they decreased rapidly within (DMEM), and Eagle's MEM (GIBCO BRL, Grand Is-4 days and stayed at a low level up to 62 days. However, land, NY, USA) respectively. They contained 10% fetal the insulin concentrations inside the CS kept a high level bovine serum (FBS), 100 mg/dl glucose, and 5 ml/L anfor 2 weeks and then declined gradually until 49 days. tibiotic-antimycotic mixed stock solution (GIBCO From the 49th day, insulin concentrations both inside and outside of CS exhibited a rapid and definitive de-BRL). We took 0.5 ml of samples (culture medium) cline from the initial insulin release. The insulin release pect to culture the islets by three-dimensional matrices in the long term, and also to tissue engineer the islets behavior of islets cultured with different media showed almost the same pattern in this study.
for transplantation. This experiment is a new attempt of three-dimensional islet culture, suggesting a new aspect DISCUSSION to tissue-engineered islets. Also, extension of findings in the present study will provide new insight for islet The tissue-engineering approach has been recently transplantation at the subcutaneous site by the tissueused in many medical fields. It provides an effective engineering approach. tool to transplant tissues such as skin and other tissues. Development of the tissue-engineering technique may ACKNOWLEDGMENTS: Supported in part by grants from the make it possible to transplant islets or bioartificial pan-Japan Society for the Promotion of Science Research for the Future Program (JSPS-RFTF96100204), the Japanese creas at the subcutaneous site.
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CS for islet culture with a newly developed method in
